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Introduction
Countries differ greatly in both the extent and the timing of separating students into different school tracks. Some countries separate students into more vocationally-oriented and more academic school tracks as early as age 10, whereas other countries do not track students until the end of compulsory schooling at age 16 (OECD, 2004, p. 262) . Timing of tracking is a potentially important feature of the school system since it might affect both the level and the distribution of students' cognitive skills which, in turn, affect individual earnings and economic growth (Hanushek and Woessmann, 2008) . During the last decades, several European countries have moved from a selective to a more comprehensive school system (Leschinsky and Mayer, 1990) . In many cases, however, it is rather difficult to isolate the impact of the timing of tracking because the reforms simultaneously changed both the timing of tracking and other features of the school system, for example, the amount of compulsory years of schooling (e.g. in Sweden and Norway).
This paper studies the effect of separating students two years earlier into different school tracks on student achievement. The variation in the timing of tracking comes from a school reform in the German state of Bavaria in 2000, where students in the basic track (Hauptschule) and middle track (Realschule) were separated at the end of grade 6 prior to the reform and at the end of grade 4 after the reform. Importantly, the reform did not change the amount of schooling. Students in the most academic track (Gymnasium) were not affected by the reform; both before and after the reform, (future) Gymnasium students attend the four-year primary school together with the (future) basic and middle track students before entering Gymnasium (see Figure 1 for a graphical representation of the reform). The effect of the reform is estimated in a difference-in-differences-in-differences approach. Student performance before the reform is compared with student performance after the reform. To eliminate Germany-wide trends, performance is furthermore compared between students in Bavaria and students in other German states, where the timing of tracking did not change. Because the reform effect might still be confounded by state-specific or school-type-specific trends, performance is additionally compared between students in the school tracks affected by the reform (non-Gymnasium tracks) and students in the unaffected school track (Gymnasium). 1 Performance of 15-year-old students in math, reading, and science comes from the German extension studies (PISA-E) of the Programme for International Student Assessment (PISA) in 2000, 2003, and 2006. 2 The results indicate that the reform lowered students' performance both in the basic and middle track. The performance decreased by about 13 PISA points in both tracks which equals approximately the performance gain in about half a school year. While the decline in the middle track might be due to the hiring of additional, inexperienced, teachers and to (unobservable) implementation problems related to the reform, lower student performance in the basic track is most likely due to peer effects only. Importantly, the results cannot be explained by a change in student composition since the share of students attending the different tracks remained stable in this period. Overall, the reform also increased the performance dispersion, suggesting greater inequality of opportunity since achievement is strongly correlated with family background (Hanushek and Woessmann, 2011) . With early tracking, the share of very low-performing students increased in the basic track. An alternative measure of student performance-whether a student is below grade given her age-also indicates detrimental effects of the reform, especially for basic track students. Finally, using additional performance data from another student assessment in 2009, the negative impact on student performance seems to persist for several years after the reform went into effect.
The impact of tracking on student performance is theoretically ambiguous (see Betts (2011) and Meier and Schütz (2008) ). On the one hand, tracking might increase student performance because teachers face more homogeneous classrooms, allowing them to adjust their teaching style to the students' ability level and to use different pedagogical methods. Furthermore, schools can adjust the curriculum to the students' achievement level or adjust their resources, for example, by hiring teachers with certain qualifications. On the other hand, tracking might lower equality of opportunities since track placement might be affected by a student's socioeconomic status (see, e.g. Dustmann (2004) for Germany). Tracking might also be detrimental when ability is measured with noise because then some students are likely to be allocated to the wrong track (Brunello, Giannini, and Ariga, 2007) . Opponents of tracking also argue that both low-performing and high-performing students benefit from interacting with each other: weak students benefit from the help of strong students, while strong students benefit through explaining the subject material to weak students since this consolidates their knowledge.
Several educational reforms have been exploited to investigate the effect of timing of tracking on student performance and labor-market outcomes. In the 1950s, Sweden simultaneously replaced the academic and non-academic track with comprehensive schools, increased compulsory years of schooling, and introduced a nationally unified curriculum. Exploiting the successive implementation of the reform across municipalities, Meghir and Palme (2005) find that the reform increased schooling and earnings for students with low socioeconomic background. Aakvik, Salvanes, and Vaage (2010) study a similar school reform in Norway in the 1960s and find that the reform lowered the impact of family background on educational attainment. In the 1970s, Finland replaced a two-track school system with a nine-year comprehensive school, thus postponing tracking into vocational and academic tracks from age 10 to age 15. In line with my results, Kerr, Pekkarinen, and Uusitalo (2012) find that the reform significantly improved the performance of students with low SES parents on verbal, arithmetic, and logical reasoning tests. At the same time, the reform had no negative impact on the performance of students with high SES parents. In line with these findings, Pekkarinen, Uusitalo, and Pekkala (2009) have shown that the Finnish reform also increased the intergenerational income mobility. Galindo-Rueda and Vignoles (2007) investigate a reform in the United Kingdom which replaced early tracking with comprehensive schools, finding some evidence of positive effects on student performance in the selective system. However, Pischke and Manning (2006) demonstrate that it is unlikely to eliminate selection bias in case of the U.K. reform. Hall (2012) investigates the effects of introducing a more comprehensive secondary school system in Sweden in the 1990s which prolonged and increased the academic content of the vocational track. While the reform increased the amount of upper secondary schooling of vocational students, it likely had no effect on the probability to enrol in a university or on subsequent earnings. Guyon, Maurin, and McNally (2012) investigate an educational reform in Northern Ireland that led to a large increase in the share of students admitted to the elite track at age 11. They find a strong positive overall effect of this de-tracking reform on the number of students passing national examinations at later stages and a negative effect on student performance in non-elite schools who lost their most able students. Malamud and Pop-Eleches (2010, 2011 ) evaluate a reform in Romania which postponed tracking of students into vocational and academic schools by two years, finding overall no effect on university completion, labor-market participation, or earnings. For disadvantaged students, they find an increased probability to finish the academic track which does, however, not translate into a higher probability to complete university. In sum, studies based on educational reforms tend to find that later tracking reduces the impact of family background on student performance.
The effect of tracking on student performance has also been investigated in field experiments. Duflo, Dupas, and Kremer (2011) conduct an experiment with primary school children in Kenya, in which half of the schools tracked students based on prior achievement, while the other schools allocated children randomly to classrooms. The authors find that within-school tracking improves math and literacy performance. However, it is doubtful whether the within-school tracking experiment in Kenyan primary schools is informative for whether (or at what age) students in developed countries should be separated into different secondary school types. Slavin (1990) reviews 15 tracking experiments in U.S. and British secondary schools. Overall, effects of tracking on student performance are mixed. However, almost all experiments lasted for only one year and students in the different ability groups faced the same curriculum. Thus, effects might be very different when tracking is instituted on a permanent basis and the curriculum can be adopted to the differing ability levels.
In contrast to reform evaluation studies that exploit changes in the timing of tracking within countries over time, cross-sectional studies are likely plagued by omitted variable bias arising from unobserved differences between countries or between regions within a country, such as different attitudes toward education. Hanushek and Woessmann (2006) compare the performance of fourth graders, i.e. prior to tracking, with the performance of eighth or ninth graders, i.e. after some countries have already tracked their students into different school types. They find that performance inequality increases in early-tracking countries, with no significant effects on the performance level. Waldinger (2007) , however, shows that these results are sensitive to model specification and to the sample of countries included. Using cross-country variation in the timing of tracking, Ammermüller (2005) , Brunello and Checchi (2007) , Schütz, Ursprung, and Woessmann (2008) , and Woessmann, Lüdemann, Schütz, and West (2009) similarly find that student performance depends more strongly on family background in countries with early tracking. Van Elk, van der Steeg, and Webbink (2011) investigate the effect of timing of tracking in the Netherlands, exploiting the fact that students can enrol in tracked schools or in comprehensive schools at age 12. Using regional variation in the supply of schools as instruments, they find that early tracking has negative effects on completing higher education. Several cross-sectional studies have investigated the effect of tracking on student performance in Germany, which overall find no significant performance differences between early-tracked and late-tracked students (Mühlenweg (2008) , Baumert, Becker, Neumann, and Nikolova (2009), and Woessmann (2010) ). In sum, also cross-sectional studies find that student performance depends more strongly on family background in countries with early tracking.
This paper contributes to the small literature that investigates the effect of timing of tracking on student performance by exploiting school reforms. In particular, it studies the impact of a reform in the German state of Bavaria that moved the timing of tracking in lowand middle-track schools from grade 6 to grade 4. To this end, comparable achievement tests-administered to representative and large samples of students-are used for several student cohorts who either attended the old or the new school system. Furthermore, student achievement is measured several years after students have been tracked, such that the tracking of students had enough time to unfold its effects on students' skills. Because students are still in school at the time of testing, factors other than the school system are unlikely to explain the estimated effects. Since the reform affected only two out of three school tracks in Bavaria, we can use the unaffected track (Gymnasium) as a control group to control for Bavaria-specific trends. Using students in other German states as an additional control group, we can also take school-type-specific performance trends into account. Another advantage of the Bavarian school reform is that it did not change compulsory years of schooling, in contrast to several previous school reforms.
The paper proceeds as follows. Section 2 briefly describes the school system in Germany and Section 3 the school reform in Bavaria as well as potential reform channels. Section 4 describes the German PISA data and provides descriptive statistics. Section 5 presents the estimation strategy, and Section 6 reports the main results and robustness checks. Section 7 concludes.
The German School System
In Germany, children start school in the year after they turn six years old and typically attend four grades in primary school (Grundschule). 3 At about age 10, students are separated into different secondary school types, which differ both by duration and by curriculum. Basic schools (Hauptschule) provide basic general education and typically lead to a certificate after grade 9 (in few states after grade 10). Middle schools (Realschule) provide a more extensive general education and last six years. Instead of basic and middle schools, Saarland and the East German states have integrated schools (often called Mittelschule or Regelschule), which offer the school-leaving certificates typically obtained in basic and middle schools. The most academic track Gymnasium typically covers nine grades and is the only school type that exists in all German states. 4 In most states, comprehensive schools (Gesamtschule) exist in addition to the other school types. This school type encompasses all lower and upper secondary education levels and is typically attended only by a small fraction of students. While West German states traditionally have three different school types (basic schools, middle schools, and Gymnasium) and East German states two different school types (integrated schools and Gymnasium), each state offers the same three school-leaving certificates: those acquired at the end of basic school, middle school, and Gymnasium.
Students with a basic school degree typically enter an apprenticeship that combines part-time vocational school and firm-based training. Students with a middle school degree might do the same types of apprenticeship, but are also entitled to attend vocational schools that lead to a higher education entrance qualification. Specifically, students can acquire a technical school degree (Fachhochschulreife), which qualifies for a polytechnic (Fachhochschule). The Gymnasium-leaving certificate (Abitur ) is a prerequisite for attending a university or other institution of higher education. Thus, the Gymnasium is the only secondary school track that provides direct entry into tertiary education.
The secondary school track decision after primary school is based on teacher recommendations and/or on parents' wishes. At the end of primary school, neither ability tests nor centralized examinations exist that could provide information as to the students' academic potential. Instead, primary school teachers recommend a secondary school track for each student, which mostly depends on the student's grades in the two major subjects German and math (sometimes also science). The school track recommendation is binding in some (e.g., Bavaria), but not all states. In states with a binding recommendation, school 3 Because authority and control over education policy lies with each state (Bundesland ), the school structure differs somewhat across states. In two of the 16 states, Berlin and Brandenburg, primary school lasts six years. See Lohmar and Eckhardt (2010) for a detailed description of the German school system. 4 In almost all East German states, as well as in Hamburg and Saarland, Gymnasium lasts only eight years. All other German states are currently also shortening Gymnasium duration from nine to eight years, with Schleswig-Holstein being the last state to complete this reform in 2016.
authorities define a cutoff for the average grade in German and math (and science) that is required to receive a recommendation for a certain school track. 5 3 The School Reform in Bavaria and Potential Reform Channels Before the reform, the more able students attended the Gymnasium track after the fouryear primary school, while all other students attended the basic school track (see lefthand panel in Figure 1 ). After two years in basic school, i.e. after grade 6, the betterperforming students switched to a middle school, which covered four grades, i.e. grades 7 to 10. Because student performance differed strongly at the beginning of middle school, the Bavarian parliament decided in April 2000 to institute six-year middle schools (sechsstufige Realschule). The hope was that tracking students two years earlier would help to reduce the performance dispersion and to raise the performance level. After the reform, middle schools thus contain six grades (grades 5 to 10) and start immediately after the four-year primary school (see right-hand panel in Figure 1 ). After the reform, basic and middle school students are therefore separated two years earlier than before the reform. Importantly, before the reform, basic and (future) middle school students actually studied together until the end of sixth grade since classrooms were not formed on the basis of students' abilities. 6 Most importantly, the reform did not affect students in the Gymnasium track. First, the Gymnasium track has always started immediately after the four-year primary school, both before and after the reform. Second, the reform did not change the grade point average required at the end of primary school to attend a Gymnasium. For these reasons, the reform is unlikely to have changed the student composition in the Gymnasium track. This is supported by official statistics which show that the distribution of 15-year-old students (the age cohort tested in PISA) across the different school tracks did not change after the reform, i.e. between school year 1999/2000 (PISA 2000 (PISA 2006 ) (see Table 1 ). The rather constant student shares furthermore indicate that there was no substantial reaction to the school reform which might have led more (or less) students to choose the new six-year middle school track. This is a reassuring finding as it implies that the results are likely not confounded by a change in the student composition in either the basic or middle track. 5 School grades in Germany range from 1 (very good) to 6 (fail). Students in Bavaria, for example, need an average grade of 2.33 in the main subjects German, math, and science (Heimat-und Sachkunde) to receive a recommendation for the Gymnasium track and an average grade of 2.66 to receive a recommendation for the middle school track.
6 Implementation details and changes related to the reform reported in this section come from discussions with several employees of the Bavarian State Ministry of Education working in the departments responsible for basic schools, middle schools, and the pilot project (see below), respectively. For information on the political debates that accompanied the pilot project and the introduction of the six-year middle schools, see Baik (2011) .
The state-wide implementation of the six-year middle school did, however, not take place within one or two school years, but rather extended over a longer period. Even before the reform in 2000, some middle schools offered six grade levels. Very few private six-year middle schools already existed even in the 1970s. Several middle schools added a fifth and sixth grade level until 1992 when the Bavarian State Ministry of Education started a pilot project to test the functioning of six-year middle schools. 7 The new school law of April 2000 did not require an immediate implementation of the reform, but rather allowed middle schools to add a fifth and sixth grade level within several years. This provided schools time to hire additional teachers and to build additional buildings, if necessary. The state-wide implementation of six-year middle schools was complete by school year 2003/2004. Because basic school students in grade 5 and 6 were guaranteed to switch to a middle school in seventh grade in the first years after the reform, 2004/2005 was the last school year in which students started attending a four-year middle school (cf. Bavarian State Ministry of Education, 2008, p. 80) .
The reform may have affected student performance through several channels. As the reform changed the peer groups of both basic and (future) middle school students in grades 5 and 6 by separating them two years earlier, peer effects-i.e. any impact that classmates' background, behavior, or outcomes have on own outcome-is probably the most important channel (see Epple and Romano (2011) and Sacerdote (2011) for reviews of the peer effects literature). The most convincing studies of peer effects exploit random assignment of students into classrooms and tend to find large peer effects (Whitmore, 2005; Kang, 2007; Graham, 2008; Duflo et al., 2011) . Effect sizes differ across studies, with a one standard deviation increase in peer mean achievement raising own performance by between 25 and 60 percent of a standard deviation. These findings suggest that the lower-performing basic school students should be negatively affected by the reform, whereas the better-performing middle school students should benefit. Besides the average performance, the heterogeneity of classmates' performance might also be important. In this respect, the literature is rather ambiguous: some studies find positive effects of performance dispersion, some studies negative effects, and still others find no effect (cf. Epple and Romano, 2011) . In sum, the peer effects literature suggests that the reform likely hurt students in basic schools because they were earlier separated from more able peers, whereas the impact on the performance of middle school students is less clear. On the one hand, their performance may increase because they lost lower-ability peers. On the other hand, their performance may decrease if a more heterogeneous mix of classmates is beneficial.
Besides peer effects, the reform might have affected student performance also through other channels. Because middle school students were subject to different curricula in grades 5 and 6 after the reform, the curricula of grades 7-10 had to be revised. While the curriculum is more demanding in middle school than in basic school, it is unclear whether a more demanding curriculum automatically leads to better student performance. Because the curricula did not change in basic schools, there is no curriculum effect for basic school students. A further potential channel, again only affecting middle school students, is a change in teachers. After the reform, middle school students are taught by middle school teachers instead of basic school teachers in grades 5 and 6. Furthermore, middle schools had to hire additional new teachers because two new grades were added. This means that after the reform there were more inexperienced teachers. This might lower student performance since existing research indicates that beginning teachers perform significantly worse than more experienced teachers (see, e.g., Murnane and Phillips (1981) and Rivkin, Hanushek, and Kain (2005) ). Since the number of basic school students decreased and the number of middle school students increased after the reform, school resources, such as spending per student, student-teacher ratio, and hours of instruction per teacher/class, might have changed in both tracks. However, official statistics (see Figure 4 ) indicate that policymakers adapted resources such that these indicators developed rather constant in both tracks in the reform years. Therefore, resource effect should play only a minor role.
German PISA Data
Data on student performance come from the German extension studies (PISA-E) of the Programme for International Student Assessment (PISA), conducted by the Organisation for Economic Co-operation and Development (OECD). PISA tested representative samples of 15-year-old students in math, reading, and science literacy in 2000, 2003, and 2006 . The tests emphasize understanding as well as flexible and context-specific application of knowledge, containing both multiple-choice and open-answer questions. The German extension studies used the same tests as the international PISA, but increased sample sizes (in 2003 and 2006; see below) to ensure representative sampling within each school track in each of the 16 German states. 8 As mentioned above, the aggregated performance data used in this study-published by the German PISA consortium (see Baumert, Artelt, Klieme, Neubrand, Prenzel, Schiefele, Schneider, Tillmann, and Weiß, 2002; Prenzel, Baumert, Blum, Lehmann, Leutner, Neubrand, Pekrun, Rost, and Schiefele, 2005; Prenzel, Artelt, Baumert, Blum, Hammann, Klieme, and Pekrun, 2008 )-identify the reform effect since the data vary at the same level as the Bavar-ian school reform, i.e., at the school-track*state level. Note that in specifications without control variables at the student level, regressions with aggregated outcomes produce results identical to those obtained using the underlying student-level data, given that observations are weighted accordingly (see Angrist and Pischke, 2009 , Chapter 3.1.2).
PISA-E 2003 and 2006 are the principal performance tests used for the analysis because the performance outcomes published for these surveys are representative for each school track in each of the 16 German states (see, e.g. Prenzel et al., 2005, pp. 14 and 386 for PISA-E 2003) . 9 In contrast, performance in PISA-E 2000 is only reported for (ninth grade) students in the Gymnasium track but is not separately reported for the non-Gymnasium tracks. PISA-E 2000 also reports performance measures for all students in a state, both for 15-year-olds and ninth graders. Performance of PISA-E 2000 is primarily used to provide evidence that pre-reform trends were similar in Bavaria and control states.
To estimate the effects of the reform on student performance requires performance data that are comparable over time. Reading performance is directly comparable across all PISA surveys 2000 PISA surveys , 2003 PISA surveys , and 2006 . Math performance, in contrast, is in principle comparable only between 2003 and 2006 (see Prenzel et al., 2005, p. 73) , and science performance only between 2000 and 2003 due to changes in the test (see Prenzel et al., 2008, p. 54f,149,383) . 10 However, if non-comparability of test scores is uncorrelated with the school reform in Bavaria, then including non-comparable subjects yields unbiased estimates of the reform effects. Robustness checks (not shown) show that reform effects are quite similar if non-comparable subjects are excluded. To be consistent across models, all specifications therefore pool all three PISA subjects.
The official PISA-E publications do not contain information on the number of basic and middle school students attending the new school system in Bavaria. (Note that even with the individual student-level PISA-E micro data, it is not possible to identify whether a student attended the old or the new system.) However, since the PISA-E studies sampled schools randomly, we can compute the expected share of basic and middle school students attending the new system. First, the PISA-E 2003 and 2006 publications report the grade-level distributions of tested students for each school track in each state. 11 Second, official Bavarian statistics report for each school year the number of students transiting from basic schools to four-year middle schools (old system) and from primary schools to six-year middle schools (new system) (Bavarian State Ministry of Education, 2008, p. 114) . Combining this information allows to compute the approximate share of basic and middle 9 To be precise, performance is reported for each general education school type which is attended by at least 5 percent of 15-year-old students in a state. 10 PISA had a special focus on reading literacy in 2000, with about half the testing time devoted to this subject. Math was the focus in PISA 2003 and science in PISA 2006. The international PISA scale was standardized to have a mean of 500 and a standard deviation of 100 for all subjects in PISA 2000 and whenever a subject was the focus (except for a standard deviation of 95 for science in PISA 2006). school students attending the new tracking regime. 12 According to these calculations, about 9.2 percent of basic school students and 8.5 percent of middle school students who were tested in PISA-E 2000 attended the "new system." These students were tracked early not because of the reform, but because of the few early-adopting middle schools and the middle schools participating in the pilot project. In PISA-E 2003, these shares increased to 26.2 percent for basic school and 25.4 percent for middle school students. Since only a minority of students was affected by the new tracking regime, PISA-E surveys 2000 and 2003 are considered pre-reform periods. In contrast, a large majority of students tested in PISA-E 2006 went to school under the new tracking regime (77.4 percent in the basic track and 74.7 percent in the middle track), rendering the PISA-E 2006 survey the post-reform period. Because the share of students affected by the reform did not increase from 0 to 100 percent between PISA-E 2003 and PISA-E 2006, the estimated effects provide lower bounds of the true reform effects.
Because PISA randomly sampled schools, and not individual students, one can alternatively compute the expected share of students attending the new system for each PISA-E survey based on the share of middle schools offering six grade levels relative to all middle schools. (Note that in all PISA tests, the average basic track student and the average middle track student attended grade 9.) During the school year 1995/1996, when the majority of basic and middle school students tested in PISA 2000 attended grade 5 (the first grade level of the new six-year schools), only 41 out of 326 middle schools (12.6%) contained six grade levels. This share increased slightly to 65 out of 326 schools (19.9%) until the school year 1998/1999, when the majority of PISA 2003 students attended grade 5. In 2001/2002, the second school year after the reform, when most of the PISA 2006 students were in fifth grade, already 224 out of 334 middle schools (67.0%) offered six grade levels (cf. Bavarian Statistical Office (1996) and following volumes). In this case, the increase of the expected share of students attending the new system between PISA 2000 and PISA 2003 is rather small (7.3 percentage points). This suggests that we should not expect a discernible effect of the introduction of six-year middle schools on student performance between the two pre-reform periods PISA-E 2000 and 2003. In principle, students in all other German states can be used as a control group for students in Bavaria. However, a control state should not have introduced major educational reforms that may have affected student performance. Therefore, I exclude all states which introduced central exit exams in the basic, middle, or Gymnasium track between 2003 and 2006, i.e. between the pre-reform and post-reform period, because central exams are frequently found to increase student performance (see, e.g., Jürges, Schneider, and Büchel, 2005) . 13 Furthermore, the sample includes all secondary school tracks except comprehensive schools (Gesamtschulen) because these schools offer all types of school degrees. Therefore, it is not clear whether comprehensive schools should be considered as treated (non-Gymnasium) or untreated (Gymnasium) track. However, results (not shown) are quite similar if comprehensive schools are included in the sample and either assigned to treated or untreated track. Table 1 reports summary statistics of outcomes at the state level for Bavaria and control states for all PISA-E surveys. As almost all regressions pool the PISA subjects math, reading, and science, all performance measures are simple averages across the three subjects. Since the PISA scaling reflects the difficulty of test items, there are also competency levels available (see OECD, 2002, Chapter 16) . Students achieving only competency level 1 will likely have difficulties of finding an apprenticeship position; therefore, these students are considered "students at risk." Table 2 reports outcomes for the non-Gymnasium tracks and Gymnasium for Bavaria and control states separately for pre-reform (PISA-E 2003) and post-reform (2006) period. The control variables, such as average class size and share of migrants (at least one parent born in a foreign country), vary also at the school-track*state level. To ensure that the non-Gymnasium tracks (either basic and middle school, such as in Bavaria, or integrated school) receive the same total weight as the control school track (Gymnasium) in the regressions, each non-Gymnasium track is weighted by the share of 15year-old students attending the respective school track as a fraction of all non-Gymnasium students in the state. Results (not shown) are similar if each school track is weighted by the share of students attending that track or if each school track is weighted by the inverse of the number of different school tracks in a state.
Identification Strategy
To estimate the effects of the Bavarian school reform, I first use a difference-in-differences approach which compares the performance change of the Bavarian basic and middle track students between PISA-E 2003 and 2006 with the corresponding performance change in the non-Gymnasium tracks in the control states:
where the subscript nG denotes non-Gymnasium tracks and Y t s,nG represents the performance in the non-Gymnasium tracks in state s (Bavaria or control state) at time t (2003 or 2006) . Four different performance measures are used (see Table 2 ): average performance, standard deviation of performance, share of students achieving at most competency level 1 (low performers), and share of students achieving competency level 4 or higher (top performers).
Performance is pooled across all non-Gymnasium tracks and all PISA subjects for PISA-E 2003 and 2006 to estimate the double-differences estimator in Equ. (1):
where Y st is the outcome in state s at time t and ϵ is a random error term. Bavaria identifies school tracks in Bavaria and captures average performance differences between students in Bavaria and control states. P ISA2006 captures Germany-wide performance trends. The coefficient of interest, β, identifies the effect of the Bavarian school reform, i.e. β measures the difference-in-differences defined in Equation (1). The identifying assumption that underlies the difference-in-differences estimate is that the performance changes of students in the non-Gymnasium tracks between PISA-E 2003 and 2006 would have been similar in Bavaria and control states without the school reform in Bavaria. The drawback of the difference-in-differences approach is that it does not control for state-specific shocks, which might similarly affect all students in a state, for example, due to changes in primary school. Because the Bavarian reform did not affect students in Gymnasium, I use the performance change of Gymnasium students to control for Bavaria-specific shocks. Adding Gymnasium students as a further control group yields a difference-in-differences-in-differences, or triple-differences, approach (see Hamermesh and Trejo, 2000) :
where ∆ 2 nG is the double-difference estimator for the non-Gymnasium tracks from Equ. (1) and ∆ 2 G is the analogous estimator for the Gymnasium track. The second term (∆ 2 G ), which reflects performance changes of Gymnasium students in Bavaria relative to Gymnasium students in other states, is supposed to capture Bavaria-specific time trends. The interpretation of the triple-differences coefficient as a causal effect of the reform therefore relies on a weaker assumption: without the reform, the performance difference between students in the non-Gymnasium tracks and students in the Gymnasium track would have developed similarly in Bavaria and control states. The performance of Gymnasium students is added to the double-differences model in Equ.
(2) to compute the triple-differences estimator:
where Y ist is the performance in school track i in state s at time t, and nonGym identifies non-Gymnasium school tracks. The new interaction term PISA2006*nonGym controls for non-Gymnasium-specific trends in test scores and Bavaria*PISA2006 for Bavaria-specific trends. The coefficient β identifies the triple differences in Equ. (3). All standard errors are clustered at the state level, allowing for correlation of error terms within states over time. 14 Identification of reform effects would be hampered if other major educational reforms were implemented in Bavaria or in the control states between the pre-reform (2003) and the post-reform period (2006) . Especially other reforms in the basic or middle school track in Bavaria would confound the effects of the tracking reform. Indeed, a new type of class (M-Klassen) was introduced in the basic track in Bavaria in the school year 1999/2000. These classes provide basic track students the opportunity to acquire a middle school degree after grade 10. To prepare students for the higher degree, the curriculum of these classes is more demanding. 15 Therefore, this new type of class might have increased the performance of basic track students. However, the new class type existed already during the pre-reform period and the share of ninth-grade basic school students attending this class type increased only marginally between 2002/2003 (16.3 percent) and 2005/2006 (18.1 percent). Given that this increase is rather small and given that the effect of this class type on student performance is likely limited, it very likely does not confound the effects of the tracking reform. Another important reform in Bavaria reduced the length of Gymnasium from nine to eight years. But since the first cohort graduated from the eight-year Gymnasium only in 2010/2011, this reform did not affect the Gymnasium students who were tested in PISA-E 2003 or 2006. A Germany-wide education reform was implemented by the Secretariat of the Standing Conference of the Ministers of Education (Kultusministerkonferenz ) which decided to introduce new educational standards that define general educational goals and specify competencies that students of a certain grade level should have acquired. Because these new standards were implemented in all German states at the same time, this reform does not confound the Bavarian reform effect since Germany-wide shocks are eliminated in the triple-differences model. 16 Some major educational reforms were implemented in some of the control states between 2003 and 2006, such as the shortening of Gymnasium duration from nine to eight years. These reforms will be addressed in the results section. 17
Results
Figure 2 depicts the development of students' reading performance in the non-Gymnasium tracks and Gymnasium in Bavaria and in the control states over the three PISA surveys. While the average reading performance of Gymnasium students developed similarly in Bavaria and control states both before and after the reform, the reading performance of non-Gymnasium students developed similarly only before the reform, but decreased in Bavaria after the reform. Figure 3 presents a very similar pattern for the state-specific shares of very low-performing and high-performing students across all PISA subjects math, reading, and science. In line with Figure 2 , both shares-adjusted for Germany-wide trends 18 -developed more or less similarly in Bavaria and control states before the reform, while the share of low-performing students increased considerably in Bavaria, by about 3 percentage points, relative to the control states after the reform. 19 Apart from a small number of students in special education schools and some students in vocational schools, low-performing students attend either a basic or middle school, while most top-performing students attend a Gymnasium. Figure 3 thus suggests that the reform increased the share of low-performing students in Bavaria, without affecting the share of top-performing students.
Before presenting the regression results, I briefly report simple diff-in-diff estimates based on the descriptive statistics for Bavaria only (cf. Table 2 ). These estimates compare the performance changes between the non-Gymnasium tracks and the Gymnasium in Bavaria between 2003 and 2006. Using (only) the Gymnasium students in Bavaria as a control group, the results indicate that the reform lowered average student performance in the non-Gymnasium tracks (basic and middle schools) by 9 PISA points between 2003 and 2006. While the effect on the standard deviation is very small (0.7 PISA points), the share of lowperforming students increased considerably in the non-Gymnasium tracks (1.3 percentage points; or 8 percent compared to the baseline share in PISA 2003). At the same time, the share of top-performing students strongly decreased in basic and middle schools compared to Gymnasium students (-4.4 percentage points). While these simple calculations do not take into account school-track-specific performance trends, they provide first hints that the Bavarian reform lowered student achievement in the affected tracks.
17 Three states (Mecklenburg-West Pomerania, Saarland, and Saxony-Anhalt) have replaced the basic and middle track by integrated schools around the year 2000. Because these reforms have largely been finished until 2003 (see Table 4 .1 in Lüdemann, 2011) , this does not confound my estimates. 18 The shares are regressed on survey year dummies because math and science performance is not directly comparable across all PISA waves. 19 Plotting the performance development for each control state separately (not shown) reveals that the increase in the share of low-performing students was higher in Bavaria than in any control state.
Main Results
First, I present the results of the double-differences approach which compares performance changes between PISA 2003 and 2006 of students in basic and middle schools in Bavaria with the corresponding changes of students in the non-Gymnasium tracks in the control states (Columns (1)-(4) in Table 3 ). The estimates suggest that the reform lowered the average performance across all PISA subjects by 13 PISA points (Column 1) and increased the performance dispersion by 4 points (Column 2). The increase in performance dispersion might be explained by an increase in the correlation between test scores and family background, indicating lower equality of educational opportunities, which is in line with earlier studies Brunello and Checchi (2007) . Finally, the lower performance level seems to be due both to a larger share of low-performing students (Column 3) and to a smaller share of top-performing students (Column 4).
The results of the triple-differences model, which controls for state-specific shocks by adding Gymnasium students as an additional control group, are very similar (Columns 5 to 8): the effect on the performance level and on the share of top performers is somewhat weaker, while it is somewhat stronger on the performance dispersion, and very similar on the share of low performers. The similarity of the double-differences and triple-differences results indicates that performance trends in Bavaria are similar to those in the control states. Finally, the coefficients on the other variables are in line with well-known findings: Bavarian students outperform students in other German states and German students improved their performance between PISA 2003 and PISA 2006 (cf. Prenzel et al., 2008 .
How large is the effect of the reform on the performance level? To get an idea of the effect size, note that the competency increase in one school year is on average about 40 points in PISA 2003 (cf. Prenzel et al., 2005) and 25 to 30 points in PISA 2006 (see Prenzel et al., 2008, p. 59) . Hence, the effect of 10.5 PISA points is nontrivial, reflecting the performance increase of between a quarter and a third of a school year. Relative to the performance standard deviation of Bavarian basic and middle school students in PISA-E 2003 (90.5 points; see Table 2 ), the effect on mean achievement is 11.6 percent. The effect size can also be compared to those of previous tracking studies. Kerr et al. (2012) , for example, find for the Finnish comprehensive school reform an increase in test scores of men from low-education families by 3 percent of a standard deviation and in the case of verbal test scores of 6 percent of a standard deviation. Based on a field experiment, Duflo et al. (2011) find that within-school tracking in Kenyan primary schools increased test scores by 0.14 standard deviations (and 0.18 standard deviations after controlling for baseline scores and other control variables). These comparisons indicate that the effect size estimated for the Bavarian tracking reform seems to be in the range of effect sizes of previous tracking studies.
Robustness Checks
This section presents several robustness checks. First, alternative states are used as control group for Bavaria. Then, additional control variables at the school-track level are added to the model. Finally, evidence on similar pre-reform trends is presented as well as reform effects based on state-level performance measures which are similar to those based on schooltrack specific performance measures.
Alternative Control States
Causal interpretation of the reform effect in the triple-differences model relies on the assumption that the development of the performance difference between non-Gymnasium tracks and Gymnasium track would have been similar in Bavaria and the control states without the Bavarian reform. However, this assumption might not hold, for example, if the control states that performed quite poorly in PISA-E 2003 exerted more pressure on (or provided more support for) non-Gymnasium school types than on Gymnasium schools to improve student performance. This might have been the case, since the more able Gymnasium students on average considerably outperform non-Gymnasium students in all German states. Therefore, political pressure, accompanied maybe with minor educational reforms, might have led to a stronger increase in student performance in the non-Gymnasium tracks than in the Gymnasium track in the control states. In this case, the assumption would be violated and the estimated reform effect would be biased. To test whether the results are driven by such a "catching-up" process, I use only the three (respectively seven) best-performing states (after top-performing Bavaria) in the pre-reform period assessment, PISA-E 2003, as control states. 20 Panels C and D of Table 4 show that using only high-performing states as control group leads to very similar results than using the main control group (see Panel A).
A further alternative control group for Bavaria consists of all other German states. Including also those states that have introduced central exit exams between 2003 and 2006 changes results only slightly (Panel B). Finally, I use only those states as control group that have a school structure similar to Bavaria, i.e. states with large shares of students attending only the three tracks basic school, middle school, and Gymnasium (Baden-Württemberg, Lower Saxony, and Schleswig-Holstein). Using the states with a similar school structure indicates somewhat stronger effects in the triple-differences specifications (see Panel E). Note that some estimates lose statistical significance as samples get smaller.
Finally, I have also investigated whether the effects are driven by one of the states in the main control group. To do so, I have excluded each control state individually from the analysis (results not shown). The coefficients on the reform indicator are quite similar for any one of the eight control states excluded from the sample. The robustness of the reform effects with respect to alternative control states strengthens the interpretation that the coefficients on the reform indicator indeed reflects the effect of the Bavarian reform. Especially since minor educational changes, which might have occurred in some school tracks in the control states, are hard to detect, it is reassuring that the estimated reform effects are robust to using various alternative sets of control states.
Controlling for School-Track-Specific Factors
While the distribution of 15-year-old students, the age cohort tested in PISA, across the Bavarian school tracks did not change after the reform (see Section 6.3), there might be other, school-track-specific factors which might have been affected by the reform. One factor is the share of migrants since migrants in Germany have lower test scores than natives (cf. Prenzel et al., 2008) . Furthermore, differential changes in PISA-E participation rates might affect the reform estimates if the likelihood of taking the test is correlated with the student's performance, especially with lower-performing students being more likely not to participate (see Chapter 1.4 in Prenzel et al. (2008) and Chapter 2.4 in Prenzel et al. (2008) on non-participation rates in PISA-E 2003 and . Finally, average class size might affect student performance, although this is unlikely as Woessmann (2010) finds that a state's average class size is not statistically significantly associated with student performance in Germany. All these school-track-specific factors are added in the specifications of Table 5 . However, the reform coefficients barely change when these controls are included, indicating that the reform effects are not mediated through any of these channels. 21
Pre-Reform Trends
Since PISA tested students also in 2000, it is possible to investigate whether test scores developed similarly in Bavaria and control states before the reform. Because school-trackspecific outcomes in PISA-E 2000 are reported only for the Gymnasium track, the pre-reform trends between 2000 and 2003 rely almost only on performance measures at the state level, such as percentiles. Because some specifications also include important control variables at the state level, pre-reform trends are estimated with the difference-in-differences framework of Equ. (2), with the dependent variables being the difference between a low-performance and a high-performance measure. The measure of low performance (e.g. 10th percentile) 21 Another robustness test (not shown) concerns the fact that the Gymnasium students of Sachsen-Anhalt and Saarland who participated in PISA 2006 were subject to the newly introduced G8 reform which shortened the Gymnasium duration from nine to eight years (see footnote 4). Because these reforms might have affected student performance, I have added a dummy variable for the affected tracks in all specifications, leaving results basically unaffected. thereby reflects the performance of students in the non-Gymnasium tracks, whereas the highperformance measure (e.g. 90th percentile) reflects performance of Gymnasium students. 22 Panel A of Table 6 shows that the performance gap between low-and high-performing students developed quite similarly in Bavaria and control states before the reform. Only the coefficient on the performance gap between the 10th and 90th percentile is somewhat larger, though statistically insignificant. One issue that might bias the estimates is that the low-performance measures do not only reflect the performance of basic and middle school students, the treatment group, but also the performance of special education students. Because students typically attend special education schools either since the beginning or directly after primary school, special education students typically never attend a basic or middle school and are therefore not affected by the reform. The coefficient on Bavaria*PISA 2003 might therefore be biased if the share of special education students developed differently in Bavaria than in the control group. Similarly, the coefficient might be affected by differential trends in the share of Gymnasium students. Controlling for the shares of special education and Gymnasium students does, however, not affect the coefficient of interest. 23
Reform Effects with State-Level Outcomes
The state-level performance measures used to estimate the pre-reform trends can also be used to estimate the reform effects by adding the PISA 2006 performance. This has the advantage that pre-reform trends and the reform effects are based on the same outcomes. The coefficients on the interaction term Bavaria*PISA 2006 in Columns 1 to 4 (Panel B) are negative and statistically significant, indicating that the performance of low-ability students declined in Bavaria relative to low-ability students in the control states. Consistent with Figure 3 , the reform increased the share of very low-performing students (Columns 5 and 6). The reform effect on mean reading performance is about 15 PISA points (Columns 7 and 8). As before, controlling for state-specific shares of special education and Gymnasium students does not change the results. Furthermore, the reform effects are quite similar if either the first pre-reform period (PISA-E 2000) or the second pre-reform period (PISA-E 2003) is omitted (results not shown).
Given that the state-specific performance measures also include the test scores of students in other non-Gymnasium tracks, i.e. special education and vocational schools, it is reassuring that the reform effects estimated with performance outcomes at the state level are very similar to the effects based on outcomes at the school-track level. For example, the effect on the share of low-performing students is 4 to 5 percentage points with state-level outcomes (see Columns (5) and (6) in Panel B of Table 6 ) and is 5.2 percentage points in the model which includes only the share of low-performers in the basic and middle track (see Column (7) in Table 3 ). Furthermore, the reform effect on mean reading performance is 14 to 15 PISA points in the model in which non-Gymnasium performance includes test scores of special education and vocational school students (Columns (7) and (8) in Panel B of Table 6 ) and is 15.6 points in the model which excludes these two groups (see Column (5) in Panel A of Table 7 ). The remarkably similar results across specifications with state-level and school-track-level outcomes indicates that models with outcomes at the school-track level that ignore the performance of vocational school students (who were also affected by the reform) yield unbiased reform effects.
Effect Heterogeneity
All specifications so far pooled the three PISA subjects math, reading, and science. The change in the timing of tracking might have had, however, differential effects on the performance in these subjects. Therefore, I estimate the main specifications (see Table 3 ) for each PISA testing domain separately. The results in Table 7 show that the effects in the double-differences models on the performance level is quite similar across subjects, with effects on the other performance measures varying a bit across domains. Controlling for state-specific performance trends in the triple-differences models alters the effects somewhat. While the effect on mean performance remains almost unchanged for reading and science, it decreases by half for math. The effect on the performance dispersion now becomes significantly positive for reading and math. The effects on the share of low and high performers change only little. Overall, the reform seems to have affected the performance in the three subjects in a similar way: it lowered the achievement level, increased the performance dispersion, increased the share of low performers, and reduced the share of top performers (except in science).
Interestingly, the evidence that timing of tracking has stronger effects on reading than on math performance has also been found by a previous study. For the Finnish school reform, which postponed tracking by five years, Kerr et al. (2012) find for men from low-education families that the reform had a much stronger effect on the performance in the verbal test than in the math and logical reasoning tests. As discussed in Section 6.3, the most important channel in the case of the Bavarian school reform is likely peer effects. Since reform effects seem to be strongest for reading, peer effects should therefore also be larger for reading than for math (or science). There is support for this assumption as previous work on Austria-a country with the same language, similar culture, and the same early tracking age than in Germany-has found significant positive peer effects on students' reading achievement, but less significant effects for math (Schneeweis and Winter-Ebmer, 2007) . Importantly, these results are also based on PISA test scores. The results further indicate that peer effects are larger for students from low socioeconomic backgrounds (which corresponds to the socioeconomic background of students in German basic and middle schools). Consistent with their finding, other studies suggest that peer effects in math are more important in early school years, while peer effects in language become more important in later grades (Levin, 2001; Vigdor and Nechyba, 2007) .
So far, we have investigated the average effect of the reform on basic and middle school students. However, reform effects might differ across the two tracks because basic school students lost better-performing peers in grades 5 and 6, while middle school students lost lower-performing peers and faced a new curriculum and new teachers. To investigate the effects on basic and middle school students separately, I use as control states only those states that have a school structure similar to Bavaria, that is, states with large shares of students in the three tracks basic school, middle school, and Gymnasium (see also Panel E of Table 4 ). Using only these states as control group has the advantage that basic track students in Bavaria are compared with basic track students in other states, nut not with, for example, students in integrated schools. To estimate the effect on basic school students, I exclude the middle school track of all states such that the sample includes only basic school and Gymnasium tracks (see Panel A in Table 8 ). Similarly, I exclude all basic school tracks to estimate the reform effects on middle school students (Panel B).
The coefficients on the reform indicator suggest that the reform lowered the performance level of basic and middle school students by a similar amount. 24 This seems odd since the reform affected basic track and middle track students rather differently (see Section ). The performance decline of basic track students can most likely be explained by peer effects as they lost better-performing peers in grade 5 and 6 (while curriculum and teachers did not change). In contrast, middle school students were separated two years earlier from lower-performing peers. It is rather unlikely that this caused a (strong) performance decline. Rather, it is likely that other features of the reform, especially the hiring of additional, inexperienced teachers and (unobservable) implementation problems related to the reform, caused the performance decline in the middle school track. Previous research, for example, has shown that inexperienced teachers during their first two or three years perform significantly worse than more experienced teachers (see, e.g., Murnane and Phillips (1981) and Rivkin et al. (2005) ). A deterioration of school resources, such as student-teacher ratio or instruction time, in Bavarian middle schools, is, however, unlikely to explain the negative reform effects because school resources maintained rather stable around the reform years (see Section 6.5).
A decline in the performance level does nothing say about the type of student (low, middle, or high ability) who suffers from the reform. Columns (3) and (4) suggest that the performance level decreased for different reasons in the basic and middle track. In the basic track, especially the share of very low-performing students increased. In contrast, there seems to be no discernible increase in very low-performing students in the middle track. Instead, the share of very high-performing students declined in the middle track. This pattern of reform effects is plausible since very low-performing students are more likely to be encountered in basic schools 25 , while top-performing students are more likely to attend middle schools. Finally, the effect on the performance dispersion is stronger in the basic track (Column 2). Since student achievement is strongly correlated with family background (see Hanushek and Woessmann, 2011) , this suggests that the reform lowered the equality of opportunity especially in the basic school track.
Being on Grade-for-Age as Alternative Outcome
In addition to the test scores on the standardized PISA test-which is the preferred measure for assessing student performance-we can also investigate the effect of the reform on an alternative measure of student achievement: whether a student is below grade given her age. Failure to be on grade-for-age has already been used as an indicator of grade repetition and, more generally, of low performance (see, e.g., Oreopoulos, Page, and Stevens, 2006; Dahl and Moretti, 2008; Cascio, 2009 ). In Germany, students have to repeat a grade if certain subject grades (especially in the main subjects math and German) are below a pre-defined cutoff. Therefore, repeating a grade strongly depends on the student's academic performance. As children in Germany start school in the year after they turn six, the 15-year-old PISA participants should at least attend 9th grade; this is what the vast majority of PISA participants also does (see Table 2 ). I therefore classify a student as failing to be on grade if he or she attends only grade 7 or 8. The official PISA-E publications report for each school track in each state the grade-level distributions of the 15-year-old study participants, who basically attended grades 8 to 10 (tiny fractions of students attending grade 6 or 11 will be ignored). Table 9 presents the effects on the share of students failing to be on grade-for-age, defined as students attending either grade 7 or grade 8 (again using only those three states with school structure similar to Bavaria as control group). On average, the reform increased the share of students below grade-for-age by 9.3 percentage points (Column 1). The descriptive statistics in Table 2 show that this effect is driven by an increase in the share of students below grade-for-age in the Bavarian basic and middle school tracks. At the same time, the share of students failing to be on grade-for-age even declined in Germany-both in the Bavarian Gymnasium (which was not affected by the reform) and in the Gymnasium as well as in the non-Gymnasium tracks in the control states.
The effect was much stronger for students in basic schools (13.6 percentage points; Column 2) than for students in middle schools (3.6 percentage points; Column 3). The strong effect on basic track students is sensible since basic track students are from the lower end of the ability distribution and generally have a higher risk of repeating a grade than middle school students. Failing to be on grade-for-age can, of course, also arise if students enroll in primary school one year later than officially scheduled. In the triple-differences model, however, Bavarian-specific trends in enrollment behavior is eliminated. The descriptive statistics in Table 2 provide corroborating evidence: the share of students below grade 9 develops very similar in the Gymnasium track in Bavaria (not affected by the reform) between PISA 2003 and 2006 and in the Gymnasium tracks in the control states, thus suggesting similar trends in enrollment behavior across states. 26 6.5 Potential Implementation Problems and Persistence of
Reform Effects
As with any school reform, one is interested in the persistent effects of the reform and not in the immediate (transitory) effects that could arise due to implementation problems which gradually disappear over time. The Bavarian school reform might had detrimental effects on the academic achievement of cohorts attending the middle school track during the first reform years because there might have been a lack of teachers or because teachers might have had to adapt to the revised curriculum. (Note that these arguments are potential (transitory) reform problems for middle schools, but none applies to basic schools and can therefore not explain the performance decrease of basic school students.) Using official statistics, we can check whether a decline in spending per student or a shortage of teachers in middle schools, which could have led to larger classrooms and/or less instruction time, might explain the negative reform effects. Since the number of students in middle schools sharply increased after the reform, it is little surprising that spending per student declined somewhat (see Panel (a) in Figure 4 ). (Unfortunately, comparable figures are not available for the previous years.) Inversely, spending per student in the basic track, which lost students due to the reform, increased. The trends in spending per student, did, however, not translate in analogous changes in the student-teacher ratios. The ratio of students to teachers (in full-time equivalents) remained rather stable in middle schools and even improved somewhat in basic schools for students in grades 5 and 6 (see left hand of Panel (b)). In grades 7 through 9/10, the student-teacher ratio in middle schools increased only slightly over time. In line with this finding, Table 2 shows that average class size in the Bavarian non-Gymnasium tracks were very similar for the student cohorts tested in PISA 2003 and PISA 2006. Panel (c) shows that the average teacher gave slightly more hours of instruction 26 The school-track-specific grade distribution of students, which partly reflects grade repetition, is not included as a control variable in the test score regressions because grade repetition itself is affected by the reform through its effect on academic achievement. Therefore, it is a bad control variable and should be omitted from the regression (Angrist and Krueger, 1999) . Not surprisingly, including the school-trackspecific grade distribution as additional control variable in the specifications of Table moves the reform coefficients towards zero (results not shown). This reflects the fact that low-performing students are more likely to repeat a grade, i.e. less likely to be on grade-for-age.
per week in the years after the reform, but this is similarly true for all tracks. Concerning the average weekly hours of instruction per class, Panel (d) shows that in all tracks the average class received the same amount of instruction time before and after the reform. 27 While we can likely exclude that teacher shortage-implying increased class sizes, less instruction time per class, or more workload for teachers-caused student performance to decline, there might be other, unobservable, factors that lowered the performance of students in middle schools only in the first years after the reform. Especially, if beginning teachers are less able than experienced teachers, then students might be hurt by newly entering teachers. (Unfortunately, there are no official statistics on the number of newly hired teachers.) Similarly, middle school teachers might have had difficulties to adapt to the new, revised curriculum. Importantly, remember that these factors play no role for explaining the performance decline in the basic track.
To provide some more direct evidence that the negative effects of the Bavarian school reform are persistent, I add reading test scores of students who attended secondary school several years after the reform had started. Instead of nationally extending PISA 2009, the Secretariat of the Standing Conference of the Ministers of Education (Kultusministerkonferenz, or KMK) decided to test the reading competencies of ninth graders in 2009 as part of a quality check of the recently introduced educational standards (Bildungsstandards). These standards were implemented by the KMK in the school year 2003/2004 for students aiming at a middle school degree and are binding for all 16 German states. While the educational standards tested in 2009 apply only to students striving for a middle school degree, the aim of the student assessment was broader: to compare reading competencies of all ninth graders in all general education school tracks across German states. 28 Importantly, all Bavarian basic and middle school students participating in this test attended secondary school completely under the new school system. The educational standards test was linked to the international PISA 2009 survey in two ways. First, the student samples overlap. Two ninth grade classrooms in 201 general education schools that participated in PISA 2009 were tested in PISA on the first day. On the second day, these ninth graders participated in the educational standards test. Additional schools were furthermore sampled to ensure comparability across school tracks and German states. Altogether, 36,605 ninth grade students from 1,655 classrooms and 1,466 schools participated in the educational standards assessment. Second, the competency scale of the educational standards test was linked to the PISA scale to ensure maximal comparability with the competency levels in PISA. The scale was standardized such that the mean (496 points) and the standard deviation (92 points) are identical to those of the reading results of German ninth graders in PISA 2000. The fact that the three best-performing states in the PISA 2006 reading assessment are also the three best-performing states on the educational-standards-based reading assessment in 2009 is one indication that the test scores of the educational-standards assessment and the PISA test scores reflect similar reading competencies, and are therefore comparable. 29 Table 10 presents evidence that the negative effects of the reform on students' reading performance are persistent. The dependent variable is the mean reading performance of non-Gymnasium students and Gymnasium students, respectively, within each state. Note, however, that the reading performance is based on slightly different student groups across the surveys. 30 The coefficient on Reform 2009, which equals 1 for non-Gymnasium students in Bavaria in 2009 and 0 otherwise, indicates that the performance of non-Gymnasium students was lower in 2009 compared to the average performance in 2000 and 2003 (see Column 1 in Table 10 ). Column (1) also suggests that reading performance in 2009 was slightly better than in 2006. 31 Since the reform was not implemented immediately, I exclude the two intermediate surveys, PISA 2003 and PISA 2006 , such that the sample contains only students who either attended (almost) entirely the old school system (2000 cohort) or the new system (2009 cohort). Excluding the two intermediate surveys yields a similar, slightly smaller, coefficient on the reform 2009 indicator (Column 2). In sum, the results based on the reading performance of ninth graders in 2009, who exclusively attended the new school system, suggest that the detrimental impact of the reform is not only due to difficulties associated with the reform implementation, but rather indicate that the reform has persistent negative effects on student performance.
Conclusion
Countries differ greatly in the timing of separating students into vocationally-oriented and academic school tracks. While several countries have postponed tracking during the last decades, the German state of Bavaria has gone the opposite way: students in the basic and 29 Overall, the state ranking is similar between PISA 2006 and the assessment in 2009. For example, two of the three worst-performing states in 2009 were the two worst-performing states in PISA-E 2006. Furthermore, the difference between the best-performing state (512 points) and the worst-performing state (474) in PISA 2006 is strikingly similar to the respective difference in 2009 (509 vs. 469 points). 30 For example, the reading performance refers to 15-year-old students in 2003 and 2006 and refers to ninth grade students in 2009. Similar to the PISA-E surveys, the mean reading performance for non-Gymnasium students in 2009 is computed on the basis of the mean state-specific reading performance, the mean reading performance of Gymnasium students, and the share of Gymnasium students. See also notes of Table 10 . 31 Two states, North Rhine-Westphalia and Schleswig-Holstein, introduced central exit exams in all secondary school types between PISA 2006 and the IQB testing in 2009. Adding a dummy variable for both non-Gymnasium and Gymnasium tracks in these two states in 2009 does, of course, not change the reform coefficients in the triple-differences model. middle track were separated at the end of grade 6 until 2000, but are separated at the end of grade 4 since the reform. This paper evaluates the impact of the Bavarian reform on student performance, based on PISA test scores of 15-year-olds. Effects are estimated in a difference-in-differences-in-differences model, using students in the most academic track (Gymnasium), who were not affected by the reform, and students in other German states as control groups.
The results indicate that the reform considerably decreased student performance both in the basic and middle track. While the performance decline in the middle track might have been caused by short-run implementation problems, the performance decline in the basic track is most likely due to peer effects. An alternative measure of student performancewhether a student is below grade given her age-also indicates detrimental effects of the reform, especially for basic track students. The increase in performance dispersion furthermore suggests that the reform increased inequality of opportunity since student performance is strongly correlated with family background (Hanushek and Woessmann, 2011) . With early tracking, more students in basic schools reach only a very low performance level. Further results indicate that the reform had a stronger effect on reading than on math or science. This is in line with Kerr et al. (2012) who find that postponing tracking in Finland increased especially verbal test scores.
Because students still attended school when they participated in PISA, factors other than the school system are unlikely to explain the negative effects on test scores. The reform implied various changes for students in the middle track: they lost lower-performing peers in grade 5 and 6, faced a different curriculum, and were taught by different, partly inexperienced, teachers. As with other major educational reforms, it is impossible to disentangle the relative impact of each of these factors. Although official statistics indicate that observable resources, such as spending per student, class size, and instruction time, changed only little, we cannot rule out that the reform caused (unobservable) disturbances in middle schools in the first years which, in turn, negatively affected student performance. In contrast, the impact of the reform was very different for students in the basic track: these students (only) lost better-performing peers in grade 5 and 6. Therefore, the effects estimated for basic track students likely reflect peer effects only. The findings of this paper therefore indicate that early tracking has negative effects on the performance of low-ability students as they separated from more able peers. 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 year and special education schools), with each track weighted by the respective share of 15-year-old students; Gym refers to outcomes of Gymnasium students in each state. All performance measures refer to 15-year-old students, averaged across the three subjects math, reading, and science. Average class size in grades 5-6 refers to two school years prior to the PISA-E test, while average class size in grades 7-9/10 refers to the PISA-E school year. A negligible share of PISA-E students attended grades 6 and 11, respectively. Data source: Prenzel et al. (2005 Prenzel et al. ( , 2008 ; ( * ) Kultusministerkonferenz (2007) . Notes: dependent variable: 5th minus 95th percentile (Cols. 1+2); 10th minus 90th percentile (Cols. 3+4); share of students achieving at most competency level 1 minus share of students achieving the highest competency level (Cols. 5+6). All performance outcomes in Cols.
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(1)-(6) are measured at the state level and pooled across the subjects math, reading, and science. Dependent variable in Cols. (7+8): mean reading performance in non-Gymnasium tracks minus mean reading performance in Gymnasium track. Non-Gymnasium performance is computed on the basis of the performance of all 15-year-old students in the state, the performance of Gymnasium students, and the share of Gymnasium students in the state; the latter two measures refer to ninth graders in PISA- Notes: double-differences estimations are based on non-Gymnasium school tracks only; triple-differences estimations also include Gymnasium tracks. Dependent variable: mean performance (Columns 1+5), standard deviation (Columns 2+6), share of students achieving at most competency level 1 (Columns 3+7), and share of students achieving competency level 4 or higher (Columns 4+8) within each school track and state. Reform equals 1 for basic and middle school track in Bavaria in PISA-E wave 2006 and equals 0 otherwise. All regressions include the control variables indicated in Table 3 . Ordinary least squares regressions with robust standard errors clustered at the state level in parentheses. Non-Gymnasium school tracks are weighted by the share of students attending the respective track relative to all non-Gymnasium students. For definition of control states, see text. PISA-E waves 2003 and 2006 included. Significance levels: * p<0.10, ** p<0.05,*** p<0.01. Notes: dependent variable: mean reading performance of non-Gymnasium students and Gymnasium students within each state pooled. In all PISA-E waves, non-Gymnasium reading performance is computed on the basis of the mean reading performance of all 15-year-old students in the state (including students in vocational and special education schools), the mean reading performance in Gymnasium, and the share of Gymnasium students in the state; the latter two measures refer to ninth graders in PISA-E 2000 and to 15-year-old students in PISA-E 2003 and 2006. Non-Gymnasium reading performance for 2009 is based on the mean reading performance of ninth graders in the state (without students in vocational and special education schools), the mean reading performance of ninth graders in Gymnasium, and the share of ninth grade Gymnasium students in the state. Reform 2009 equals 1 for non-Gymnasium performance in Bavaria in 2009 and equals 0 otherwise (similarly for Reform 2006 ). Ordinary least squares regressions with robust standard errors clustered at the state level in parentheses. PISA-E waves 2000 PISA-E waves , 2003 PISA-E waves , and 2006 included. Performance in 2009 is the reading performance from the "Educational Standards" (Bildungsstandards) survey. Significance levels: * p<0.10, ** p<0.05,*** p<0.01.
